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Measurements of energetic charged p a r t i c l e s  i n  t h e  
inner r ad ia t ion  zone with two shielded, omnidirectional 
Geiger-Mueller tubes flown on Explorer 12  have been used t o  
construct B-L contours of the omnidirectional i n t e n s i t i e s  
of protons E > 21 Mev and E 
16 August t o  19 September, 1961, p r i o r  t o  t h e  S t a r f i s h  high- 
a l t i t u d e  nuclear burs t  on 9 July 1962. The values of proton 
> 21 Mev) omnidirectional i n t e n s i t i e s  a r e  i n  subs t an t i a l  
> 70 Mev f o r  t he  period 
P P 
(EP 
agreement with t h e  post-Starf ish values from Tels ta r  2 and 
with other  observations. Upper l i m i t s  f o r  t h e  omnidirectional 
i n t e n s i t i e s  of e lec t rons  E 
equator before the  S ta r f i sh  t e s t  are Jo - < 10 
a t  L = 1.2,  - < 4 x 10 
- < 2.5 x l o5  (cm'-sec) 
a t  L = 1.8 and - < 1.5 X 10 
> 1.6 Mev a t  t h e  geomagnetic e 
4 2  -1 (cm -see) 
4 2  -1 (cm -sec) a t  L = 1.25, 
-1 4 2  -1 
a t  L = 1.5 ,  - < 8 x 10 (cm -see) 
4 2  (cm -see)-' at L = 2.4. 
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I. Introduct ion 
Explorer 12 observations of charged p a r t i c l e  i n t e n s i t i e s  
i n  the  inner rad ia t ion  zone during August-September 1961 provide 
s igni f icant  contributions t o  t h e  ex is t ing  body of knowledge 
concerning the  inner rad ia t ion  zone i n  two major areas of 
i n t e r e s t .  F i r s t ,  t he  B-L contours of t he  omnidirectional 
i n t e n s i t i e s  of protons E 
ranges 1 .2  <, L <, 2.2 and B <, B <, 0.20 as  derived from t h e  
counting r a t e s  of two shielded, omnidirectional Geiger- 
Mueller tubes and presented herein furnish fu r the r  information 
concerning the  s t a b i l i t y  of inner zone proton i n t e n s i t i e s  
during t h e  epoch approximately th ree  years a f t e r  t h e  solar 
a c t i v i t y  maximum.  
compared i n  p a r t  with previously reported c5seycatloiis 
extending over t he  per iod late-1958 t o  1964 [ c f .  McIlwain, 1961; 
Freden and White, 1959; Naugle and Kniffen, 1963; McIlwain, 1963; 
Gabbe and Brown, 19651. 
repor t  i s  t o  provide upper l i m i t s  f o r  t h e  e lec t ron  (Ee > 1 .6  Mev) 
omnidirectional i n t e n s i t i e s  a t  t h e  geomagnetic equator from 
L - 1.2  t o  - 2.4 during the  period approximately t en  months 
> 2 1  Mev and > 70 Mev over the  
P 
0 
These observations supplement and m e  
The second purpose of t he  present 
. 
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previous t o  t he  in j ec t ion  of energet ic  e lectrons by the  S ta r f i sh  
high-al t i tude nuclear bu r s t  on 9 July 1962. 
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11. Description -- of the  Apparatus 
Explorer 12  was launched a t  1321 U.T . ,  16 August 1961, 
i n t o  a highly eccentr ic  o rb i t  with i n i t i a l  apogee 83,600 km 
and perigee 6700 km geocentric r a d i a l  dis tances ,  i nc l ina t ion  
33" and per iod 26.5 hours. The s a t e l l i t e  w a s  spin-oriented 
with i t s  spin axis d i rec ted  i n i t i a l l y  toward r i g h t  ascension 
47.0" and decl inat ion - 27.5".  The spin r a t e  slowly increased 
during t h e  per iod of observations reported here,  27.8 r.p.m. 
at  launch t o  28.9 r.p.m. i n  mid-September. 
The s a t e l l i t e  t r ans i t ed  t h e  inner r ad ia t ion  zone 
approximately twice each day (one inbound and one outbound 
pass) .  
was - 30 minutes. 
da ta  from these passes over t h e  above L range were 
received by t racking s t a t ions  and were provided by the  Goddard 
Space F l ight  Center for fur ther  processing a t  t he  Universi ty  
of Iowa. 
The duration of these transits, perigee t o  L - 2 . 5 ,  
Approximately 3% of t h e  telemetered 
O f  present i n t e r e s t  a r e  t h e  responses of t w o  shielded 
Geiger-Mueller tubes designated as the  302, an Anton type 
302 G.M. tube shielded with - 1 
and the  SPB, an Anton type 213 G.M. tube shielded with - 5 
(Al and s t a i n l e s s  s t e e l ) ,  
. 
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(Pb m d  other mater ia ls)  [Laughlin, 19601. 
the  e n t i r e  complement of University of Iowa detectors  on 
Explorer 12  has been given previously by Freeman [1964]. 
Table I provides a summary of t h e  omnidirectional geometric 
fac tors  and shielding materials f o r  t he  two G.M. tubes.  The 
energy threshold fo r  penetrat ing protons i s  70 (+ - 4 Mev) 
over a s o l i d  angle of 1 0  s teradians f o r  SPB; t he  remaining 
s o l i d  angle i s  shielded by an addi t iona l  shielding - 3 
The e lec t ron  bremsstrahlung ef f ic iency  of  SPB i s  - 2 X 10 
counts-em (electron)  
counts-em (e lec t ron)  
with decreasing electron energies E 
Frank and O’Brien, 19631; the  energy threshold fo r  penetrat ing 
electrons i s  - 20 Mev. Energy thresholds  f o r  penetrat ing 
protons and electrons f o r  the shielded 302 G.M. tube a re  
E 
analysis  of a nominally ident ica l  detector  see Frank, 
V a n  Allen and H i l l s  [1964]). 
f ac to r  of SPB w a s  determined by comparing i t s  response t o  
A descr ipt ion of 
-4 
2 -1 -6 
2 -1 
f o r  E = 8 Mev and - 8 X 10 
f o r  E, = 2 Mev and decreases rap id ly  
e 
< 1 Mev [Van Allen, e -  
= 21 Mev and Ee - 1.6 Mev, respec t ive ly  ( fo r  a de t a i l ed  
P 
The omnidirectional geometric 
-I 
galac t ic  cosmic rays a t  apogee, 0.36 counts(sec) , with t h e  
simultaneous response of t he  302, 1 . 5  counts(sec)-L. 
t h e  omnidirectional geometric f ac to r  ‘Go o f t h e  302 i s  known 
by laboratory measurements within an uncertainty of 2v0, 
Since 
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TABLE I 
Omnidirectional Geometric Factors and 
Shieldings For t h e  302 and SPB G.M. Tubes on Explorer 1 2  
Detect or  
eGo for 
Penetrating 
P a r t i c l e s  
Shielding 
Penetrat ing 
P a r t i c l e s  
302 
2 0 . 5 5 ( +  - 0.1) em 
2 265 mg/cm A1 
400 mg/cm2 s t a i n l e s s  
s t e e l  
protons E > 21 Mev 
P 
e lec t rons  E > 1.6 Mev e -  
SPB 
O . l 3 ( +  0.02) cm 2 
- 
3.5 gm/cm2 Pb 
2 0.9 gm/cm stainless 
0.2 gm/cm2 po t t ing  
s t e e l  
material  s 
2 1.0 gm/cm Mg 
protons E 
e lec t rons  E > 20 Mev 
> T O ( +  4)  Mev - P 
e -  
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2 0.55 (+ - 0.1) cm , t he  SPB omnidirectional geometric f a c t o r ,  
€GO, i s  (0.36/1.5) (0.55) = 0.13 (+ - 0.03) em . 2 
The response of each detector was  accumulated f o r  
10.24 seconds, or - 5 spin periods of t h e  spacecraf t ,  and the  
contents of the  accumulators were redundantly telemetered 
once each 79 seconds. A l l  of t h e  Universi ty  of Iowa detectors  
operated s a t i s f a c t o r i l y  from launch u n t i l  transmission of 
da ta  by t h e  spacecraft  terminated on 6 December 1961 with t h e  
exception of t h e  SPB which f a i l e d  on 20 September. 
f a i l u r e  of t h e  SPB p r i o r  t o  20 September has been detected 
a f t e r  a carefu l  inspection of p l o t s  of t h e  e n t i r e  body of 
da ta  [Frank, Bohlin and DeCoster, 19661, and subsequently 
t h e  SPB responses f o r  t he  period extending from launch on 
16 August through 19 September 1961 have been used i n  t h e  
present ana lys i s .  
No 
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111. Observations 
The responses of t he  SPB and t h e  302 G.M. tubes for t h e  
period 16 August through 19 September 1961 f o r  L < 2.4 have 
been organized i n  p l o t s  o f  counting r a t e  versus B for se lec ted  
values of L and are  shown i n  Figures 1 and 2 (302 responses) 
and 3 and 4 (SPB responses). 
curve has been used t o  convert t he  telemetered apparent 
counting r a t e s  of the  G.M. tubes t o  the  t r u e  counting r a t e s  
shown i n  t he  above graphs; t h i s  correct ion i s  negl ig ib le  for 
apparent counting r a t e s  <, 1000 counts (see)-’. Observations 
on L-shells within AI, = - + 0.05 of t h e  spec i f ied  L-shell  have 
been used i n  constructing these counting r a t e  versus B p l o t s .  
The l a r g e s t  uncertainty i n  the assignment of B t o  a given 
observation occurs a t  t h e  lowest L-values and has been 
designated i n  Figures 1 and 3 by appropriate hor izonta l  e r ror  
ba r s .  Ver t ica l  e r ro r  bars  indicate  the  calculated standard 
deviations f o r  se lec ted  counting r a t e s  of t h e  detectors .  
Omnidirectional geometric f a c t o r s  for penetrat ing 
A prelaunch laboratory ca l ibra t ion  
protons E > 21 Mev and E 
respect ively,  have been included i n  the  legends of t h e  graphs. 
It i s  important t o  note t h a t  the complement of University of 
> 70 Mev for t he  302 and t h e  SPB, 
P P 
. 
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Iowa detectors  on Explorer 1 2  i s  inadequate t o  eliminate 
penetrat ing electrons Ee > 1.6 Mev and Ee >, 20 Mev as 
subs tan t ia l  contr ibutors  t o  the responses of the  302 and 
SPB, respect ively.  The iden t i f i ca t ion  of t h e  responses of 
these  shielded G.M. tubes i n  the  inner r ad ia t ion  zone 
L < 2.4 res ides  pr imari ly  i n  the  observed temporal 
s t a b i l i t y  of inner zone proton i n t e n s i t i e s  and the  close 
agreement of the  present measurements with other observations 
of energet ic  proton i n t e n s i t i e s  (see Discussion). Early 
measurements of inner zone proton i n t e n s i t i e s  and spec t ra  
which i d e n t i f i e d  the  pr inc ipa l  contr ibutors  t o  t h e  inner 
zone responses of shielded (- 1 gm(cm)-2) G.M. tubes as 
penetrat ing protons were reported by Freden and White [ 19591 , 
Armstrong, Harrison, Heckman and Rosen [1961], and Naugle 
and Kniffen C1961j. 
e lec t rons  can be eliminated as a s ign i f i can t  contr ibutor  
t o  the  responses of t he  302 and t h e  SPB by simultaneous 
measurements of t he  t o t a l  energy f luxes  of e lec t rons  
Ee N > 100 eV with unshielded CdS c rys t a l s  ( f o r  a discussion 
of t h e  Explorer 12 CdS detectors ,  see Freeman [19641). This 
upper limit fo r  t h e  e lec t ron  (E > 100 eV) energy f luxes  i s  
- 50 ergs(cm -see) 
reported here .  The maximum eff ic iency for counting 
Bremsstrahlis-g frm n m p c z t r a t i n g  
e 
2 -1 throughout t h e  region of observations 
3 
nonpenetrating electrons f o r  t he  302 i s  - count-cm'( electron)-'  
4 Ee - 0.5 Mev [Frank, 19621. Hence a 302 response - 1 0  counts(sec)-' 
due t o  bremsstrahlung f r o m  nonpenetrating e lec t rons  requi res  a 
minimum e lec t ron  energy f l u x  -1000 ergs(cm -see) . A comparison 
of t h i s  upper l i m i t  with t h e  CdS observed upper l i m i t  on the  
e lec t ron  Ee > 100 eV energy fluxes,  - 50 ergs(cm2-sec)-' shows 
t h a t  bremsstrahlung from nonpenetrating e lec t rons  i s  negl ig ib le  
f o r  302 responses 2 lo3 counts(sec) . The m a x i m u m  e f f ic iency  
of t he  SPB f o r  counting nonpenetrating electrons 1.6 Mev 
2 -1 
-1 
-4 2 -1 counts-em (e lec t ron)  <-'e < .u 20 Mev i s  - 10 [Van Allen, 
Frank and O'Brien, 1963; Petschek, 19633. 
for the  e lec t ron  i n t e n s i t i e s  i n  the  above energy range can be 
obtained by a t t r i b u t i n g  the  en t i r e  302 response t o  penetrat ing 
e lec t rons  E > 1.6 Mev. e 
L = 1.7 t he  302 response i s  - 3 x 10 
corresponding upper l i m i t  for e lec t ron  1.6 Mev 5 Ee 5 20 Mev 
i n t e n s i t i e s  i s  - 3 x 10 (em -see) , an i n t e n s i t y  corresponding 
t o  a SPB bremsstrahlung response of - (10 
3 counts(sec)-'. 
observed SPB response - 3 X 1 0  counts(sec) eliminates 
nonpenetrating electrons 1 .6  Mev <, Ee <, 20 Mev as a subs t an t i a l  
contr ibutor  t o  t he  SPB response. 
A s o l i d  upper l i m i t  
For example, at B = 0.14 gauss 
3 -1 counts(sec) and t h e  
4 2  -1 
-4 4 
) ( 3  X 10 ) = 
Comparison o f  t h i s  upper l i m i t  with t h e  
2 -1 
For e lec t rons  E = 1.6 Mev, e 
-6 2 -1 t h e  eff ic iency of SPB i s  - 4 X 1.0 
rapidly decreases with decreasing electron energy. 
an argument similar t o  t h a t  applied above t o  the  302 response, 
an electron (Ee - 1.6 Mev) energy f l u x  - 50 ergs(cm2-sec)-' 
corresponds t o  a SPB response - 80 counts(sec) 
upper limit f o r  t h e  SPB response due t o  nonpenetrating 
electrons E < 20 Mev for the inner rad ia t ion  zone observations 
reported here.  Hence it i s  unlikely t h a t  subs tan t ia l  con- 
t r i b u t i o n s  t o  the  302 and SW responses i n  t h e  inner rad ia t ion  
zone can be a t t r i b u t e d  t o  bremsstrahlung from nonpenetrating 
electrons.  
count-cm (electron)  a d  
U t i l i z i n g  
-1 , a severe 
e -  
The observations shown i n  Figures 1 through 4 have 
been summarized i n  B-L coordinates as contours of constant 
counting r a t e  i n  Figures 5 (the 302 responses) and 6 ( the  
SPB responses). 
s ingle  observation. The dens i t ies  of observations a re  reason- 
ably adequate f o r  t h e  determination of t h e  iso-count contours 
shown. 
1.3 < L < 1.6 and 1 . 0  < B / B ~  < n, 1.3, 1.6 < - -  L < 2.0, with 
sparse or no observations have been determined by i n t e r -  
polat ion of the  counting r a t e  versus B p l o t s  of Figures 1-4. 
Responses of t h e  302 and t h e  SPB a t  the  geomagnetic equator 
f o r  1 .2  ,< L 5 2.4 a re  shown i n  Figures 7 and 8, respect ively.  
Each point  i n  these graphs represents  a 
The contours i n  the  two regions,  0.14 < - 2 -  B < 0.18, 
- c v  cv 
. 
For L 2 1.6 the  observations as sm-mzrized i n  F i w e s  1-4 have 
been extrapolated t o  the  magnetic equator, B/Bo = 1.0 (X, = 0') 
from t y p i c a l l y  B/Bo 2 1.3 (h, ,< 15"). 
values a re  judged t o  be accurate t o  within 5% of t he  responses 
of t he  detectors  a t  t h e  magnetic equator. 
These extrapolated 
. 
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IV. Discussion ! ~ d  Coxparison W i t h  - -
Previously Reported Observations 
Comparisons of these  Explorer 12 observations with 
several  previously reported measurements of inner zone 
proton i n t e n s i t i e s  have been undertaken and a re  summarized 
as  follows. 
Tels ta r  2. The omnidirectional proton 21 Mev < E  
P 
< 145 Mev i n t e n s i t i e s  versus B for se lec ted  L = 1.3, 1.5, 
1.9  and 2.3 observed with Tels tas  2 during summer 1963 
[Gabbe and Brown, 19651 are shown i n  Figure 9 with the  
corresponding Explorer 12 measurements with t h e  shielded 
302 G.M. tube. Omnidirectional i n t e n s i t i e s  of protons 
E 
calculated by assuming i t s  en t i re  response i s  due t o  
penetrat ing protons. The v e r t i c a l  e r ro r  bars i n  Figure 9 
and the  following Figure 10 are the  estimated e r ro r s  i n  our 
calculat ions of i n t e n s i t i e s  from published da ta  obtained with other  
s a t e l l i t e s  and the  calculated standard deviations for t he  counting 
r a t e s  of t he  Explorer 12 G.M. tubes .  
B and L shown i n  Figure 9 these two  s e t s  of observations 
axe i n  subs tan t ia l  agreement and s t rongly ind ica te  t h a t  
(1) the  302 responses a r e  predominantly due t o  penetrat ing 
> 21 Mev corresponding t o  the 302 responses have been 
P 
Within the  ranges of 
15 
protons 
>, 2 i n  proton i n t e n s i t i e s  at a given pos i t ion)  i n  the  
s t ruc ture  of inner zone proton E > 21 Mev i n t e n s i t i e s  
occurred over t he  two-year period extending from 
September 1961 t o  September 1963. 
t h a t  t r a n s i t o r y  i n t e n s i t y  var ia t ions  d id  occur during 
m o n i t o r e d  in t e rva l s  between t h e  periods of these observations. 
(2) no l u g e  t e q m r d  v i r i a t i o n  (i.e., by 2 f ac to r  
P 
It i s  possible ,  of course, 
1964-45A. Figure 1 0  displays t h e  r e s u l t s  of a 
comparison of measurements of proton(E 
i n t e n s i t i e s  with s a t e l l i t e  1964-45A i n  August 1964 reported 
by Freden, Blake and Paulikas [1965] with Explorer 12 
observations a t  L = 1.8 and 2 .0  i n  August-September 1961. 
The proton E 
with Explorer 12  have been calculated by assuming that  t h e  
SPB response i s  wholly due t o  penetrat ing protons. These 
observations a re  i n  agreement within experimental e r ro r s  
as  indicated i n  Figure 10. 
curves observed with Explorer 1 2  a re  apparently character ized 
by a steeper slope when compared with t h e  measurements of 
Freden e t  al, the  experimental uncer ta in t ies  i n  comparing 
observations with diss imilar  apparatus and a t  d i f f e ren t  
periods prohib i t  t h e  conclusive i d e n t i f i c a t i o n  of t h i s  
> 70 Mev)omnidirectional 
P 
> 70 Mev omnidirectional i n t e n s i t i e s  observed 
P 
Although t h e  i n t e n s i t y  versus B 
16 
f e a t w e  as  a temporal var ia t ion  of proton E > 70 :."lev 
i n t e n s i t i e s .  
P 
Explorer 4. McIlwain (1961) has summasized the  
responses of an 'unshielded' 302 G.M. tube flown on Explorer 4 
f o r  t h e  period August-September 1958; several  of these curves 
of constant counting r a t e  have been reproduced i n  Figure 11. 
The Explorer 4 302 G.M. tube has nominally t h e  same 
omnidirectional geometric f ac to r  but has excess shielding 
mater ia ls  by - 0.5 gm(cm)-' [Van Allen, McIlwain and Ludwig, 
19583 when compared t o  those of t h e  Explorer 1 2  G.M. tube.  
Explorer 12 observations during August-September 1961, th ree  
years a f t e r  t he  period of Explorer 4 measurements, a re  also 
included i n  Figure 11. The t w o  s e t s  of contours of constant 
counting r a t e  are  i n  general  agreement. 
The 
The depression of 
t h e  Explorer 1 2  1,000 counts(sec)-' contour toward lower B 
values at L - 1 .2  t o  1 .4  may be a manifestation of a combination 
of atmospheric heat ing and a temporal va r i a t ion  i n  neutron 
albedo source s t rength [Blanchard and Hess, 19641 or an a r t i f a c t  
of the  d i f f e r ing  penetrat ing proton energy thresholds  of t h e  
Explorer 4 and 12  G.M. tubes ,  31 and 21 Mev, respec t ive ly .  These 
two groups of observations are i n  agreement t o  within t h e  
accuracy possible  i n  comparing i n t e n s i t y  observations a t  a 
given B-L posi t ion;  t he  single p o s s i b i l i t y  of disagreement 
or ig ina tes  from the  differ ing characters  of t he  contours, 
1,000 counts(sec)-', over t h e  ranges 1.2 2 L <, 1.6 and 
0.18 < B < 0.20 (Figure 11). 
n a r y  
I n j W  1. An omnidirectionally shielded 2 i3  G.M. tube 
u t i l i z e d  as a background detector ( a l so  designated as SPB) 
f o r  an e lec t ron  magnetic spectrometer flown on Injun I 
(launch, 29 June 1961) was nominally i d e n t i c a l  t o  t he  
Explorer 12 SPB G.M. tube with respect  t o  omnidirectional 
geometric f ac to r  and shielding mater ia ls .  
has summarized the  inner  rad ia t ion  zone responses of t h e  
Van Allen [19651 
? 
Injun I SPB f o r  t he  period July 1961 through June 1962. 
Injun I measurements overlap some of t he  Explorer 12 
observations displayed i n  Figure 6 and comparisons a t  
se lec ted  B and L coordinates show t h a t  t h e  SPB responses 
a re  i n  agreement t o  within an experimental uncertainty of 
50% (see Table I1 f o r  an abbreviated t a b l e  of se lec ted  
observations).  Hence the  Explorer 12 SPB responses 
reported here provide a useful extension i n  B-L coordinates 
of pre-Starf ish SPB responses f o r  t h e  study of the  decay of 
t h e  a r t i f i c i a l l y  in jec ted  rad ia t ion  [ cf Van Allen, 1965; 
W a l t ,  19641. 
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Table I1 
L 
1.25 
1.30 
1.40 
1.50 
1.50 
1.60 
Comparison of Injun 1 and Explorer 12 SPB Responses 
a t  Selected B and L Coordinates. 
B 
0.165 
0.172 
0.180 
0.194 
0.218 
0.215 
Injun 1 
SPB Response 
( counts ( sec)  ) -1 
800 
800 
Explorer 12  
SPB Response 
(counts ( sec)  -1 ) 
700 
500 
600 
200 
30 
40 
"he temporal s t a b i l i t y  of  inner  zone proton i n t e n s i t i e s  
f o r  L < ry 2 indicated here by the above comparisons of Explorer 12 
measurements with observations by other s a t e l l i t e s  during 
various epochs i n  t h e  solar cycle has been previously reported 
[ cf .  Freden and White, 1962; Rowland, Bakke, Imhof and Smith, 
1963; Gabbe and Brown, 1965; Freden, Blake and Paulikas,  1965; 
F i l z  and Holeman, 1965; F i l l i u s ,  19661. 
[P izze l la ,  McIlwain and Van Allen, 19623 during the  per iod 
October 1959 through December 1960 revealed temporal va r i a t ions  
i n  inner zone proton i n t e n s i t i e s  by f a c t o r s  - 3 at L ry > 1.3. 
Since the  Explorer 7 measurements were obtained with a 302 G.M. 
tube similar i n  shielding and geometric f a c t o r  with respect  t o  
t he  302 G.M. tubes flown on Explorers 4 a n d 1 2  and axe enclosed 
i n  time by the  Explorers 4 and 12 observations during August- 
September 1958 and August-September 1961, respect ively,  
(Figure 11) it appears t h a t ,  although increases  i n  proton 
i n t e n s i t i e s  occurred during the per iod of Explorer 7 
observations, t he  proton i n t e n s i t i e s  re turned t o  i n t e n s i t y  
values observed i n  1958 by l a t e  1961. 
from the  beginning of solar a c t i v i t y  cycle 19 [Central  Radio 
Propagation Laboratory Bulletin-F, P a r t  B, i ssued January 19651 
Explorer 7 observations 
"he epochs (time spans 
20 
t o  dates of observations) for Explorers 4, 7 and 12 observations 
a re  - 4.4, 5.5 - 6.7 and 7.4 years, respect ively,  and are  
during the  descending por t ion  of t he  solar a c t i v i t y  cycle as 
indicated by smoothed sunspot numbers. 
i n  proton E 
higher L-values L ,> 2.5 during a. geomagnetic s torm i n  
September 1963 have been reported by McIlwain [1965] 
[ see  a l so  Gabbe and Brown, 19651. 
next few years  of increasing geomagnetic a c t i v i t y  w i l l  be of 
fundamental importance toward ident i fy ing  and understanding 
the  predominant loss and accelerat ion mechanisms f o r  inner  
zone protons. 
Temporal va r i a t ions  
> 34 Mev i n t e n s i t i e s  by a f ac to r  of - 10 a t  
P 
Observations during t h e  
A secondary maximum of proton (40 < E < 110 Mev) 
P 
unid i rec t iona l  i n t e n s i t i e s ,  j,, a t  L - 2.2 on the  magnetic 
equator was observed with Explorer 15 i n  l a t e  1962 
[McIlwain, 19631. Explorer 1 2  measurements of the  omni- 
d i rec t iona l  i n t e n s i t i e s  of protons E 
a t  t h e  geomagnetic equator as summarized i n  Figures 7 and 
8, respect ively,  show only a change of slope i n  t h e  
equator ia l  i n t e n s i t y  versus L p r o f i l e s  i n  the  region 
2-1< L < 2.4. Observations of t h i s  secondary peak with 
> 21 Mev and > 70 Mev 
P 
- 4 -  
21 
Explorer 12 were perhaps precluded by the  omnidirectional 
nature of these observations and the  extrapolat ions of 
observed i n t e n s i t i e s  from Am 215" t o  t h e  magnetic 
equator over these  L-values. 
The Explorer 12 observations reported here  provide an 
unique opportunity t o  obtain upper limits f o r  t he  i n t e n s i t i e s  
of na tura l  e lectrons E > 1 . 6  Mev from L - 1.2 t o  L - 2.4 
a t  t he  magnetic equator p r io r  t o  the  S t a r f i s h  nuclear burst  
on 9 Ju ly  1962. 
E > 1.6 Mev i n t e n s i t i e s  i n  t h e  inner  r ad ia t ion  zone can be 
obtained by assuming the  detector response i s  wholly due t o  
penetrat ing electrons and multiplying the  equator ia l  302 
G.M. tube counting r a t e s  displayed i n  Figure 7 by a f ac to r  of 
10 [Frank, Van Allen and Hi l l s ,  19641. 
1qyer l i m i t s  for the omnidArectional intensities of e lec t rons  
Ee > 1 .6  Mev are  given i n  Table 111. 
- - e 
Sol id  upper limits f o r  these na tura l  e lec t ron  
Representative 
22 
Table I11 
Upper L i m i t s  f o r t h e  Omnidirectional 
I n t e n s i t i e s  of Electrons E, > 1.6 Mev 
a t  t h e  Geomagnetic Equator Prior t o  
The S t a r f i s h  Nuclear B u r s t  
L Jo(Ee  > 1.6 MeV) 
(em 2 -see) -1 
1.2 
1.25 
1.3 
1.4 
1 . 5  
4 -= 10 - 
4 - < 4 x 1 0  
5 < 10 
< 2 x 1 0  
- 
5 
- 
5 2.5 x io - 
1.6 
1.8 
2.0 
2.2 
2.4 
- 
4 < 8 x 1 0  - 
4 < 4 x 1 0  
4 < 2.5 x io - 
4 < 1 . 5  x io - 
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Figure Captions 
Figure 1. Counting r a t e s  of t he  Explorer 12 302 G.M. tub," 
p lo t t ed  as a function of B (gauss) f o r  se lec ted  values 
of L. The ordinate  scales  for each successive L-shel l  
have been separated by one decade. 
Figure 2. 
Figure 3 .  
Continuation of Figure 1 f o r  L = 1.8 t o  2.4. 
Counting r a t e s  of the  Explorer 1 2  SPB G.M. tube 
p lo t t ed  as a function of B (gauss) for se lec ted  values 
of L. The ordinate  scales  for each successive L-shell  
have been separated by one decade. 
Figure 4. 
Figure 5. 
Continuation of Figure 3 f o r  L = 1.8 t o  2.3. 
Contours of constant counting r a t e  f o r  t he  Explorer 12  
302 G.M. tube i n  B-L coordinates. 
Figure 6. Contours of constant counting r a t e  f o r  t h e  Explorer 12 
SPB G.M. tube i n  B-L coordinates. 
Responses of t h e  302 G.M. tube p l o t t e d  as  a funct ion 
of L at the  magnetic equator. 
Responses of t h e  SPB G.M. tube p l o t t e d  as a funct ion 
of L a t  t h e  magnetic equator. 
Figure 7. 
Figure 8. 
Figure 9. Comparisons of 0-bservations of the omnidirectional 
intensities of protons E 
August-September 1961 and Telstar 2 in summer 1963. 
> 21 Mev with Explorer 12 in 
P 
Figure 10. Comparisons of observations of the omnidirectional 
intensities of protons E > 70 Mev with Explorer 12 
in August-September 1961 and 1964-45A in August 1964. 
P 
Figure 11. Contours of constant counting rates in B-L 
coordinates f o r  the 302 G.M. tubes on Explorer 4 
(August-September, 1958) and Explorer 12 (August- 
September, 1961). 
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